Abstract. The approach to promoting the development of energy saving and emission reduction and clean energy is meaningful for modern power industry. Firstly, combined the advantages of clean energy emission reduction and the role of generation rights trading which optimize the allocation of resource, a scheme considering carbon trading to fully calculate the benefits of clean energy generation rights trading is proposed in this paper. Then, the carbon trading benefit is calculated, and a maximum social utility model considering carbon trading benefit is established. Combined with the characteristics of clean energy power generation, the model is improved to a clean energy generation rights trading model, and the quotation and matching order is optimized. Finally, results in case verify the correctness of the proposed model and the feasibility of the approach, which fully calculate the benefits of clean energy generation rights trading using carbon trading benefit-based generation rights trading.
Introduction
Driven by the national energy strategies, the wind power and photo-voltaic power generation in China has achieved remarkable development [1] . However, in recent years, the growth of electricity demand in China has slowed down, while the renewable energy sources and other power sources have maintained rapid growth, which has led to the prominent problem of renewable energy consumption [2] . In order to speed up the construction of a clean, low-carbon, safe, efficient modern energy system, and fulfill China's commitment to reducing emissions of oxidizing dioxide, promoting energy-saving emission reduction and healthy development of clean energy in the power industry is a key issue that needs the power industry to address.
On the issues of promoting clean energy consumption, energy saving and emission reduction in the power industry, the generation rights trading has attracted the attention of relevant scholars. Some of them have discussed the role of generation rights trading [3, 4] , the theory and mechanism design of generation rights trading in participating in clean energy consumption [5, 6] , etc.. Some researchers have explored the combination of carbon trading and generation rights trading [7] . However, there is no in-depth study on how to improve the transaction benefits of clean energy by introducing carbon trading into generation rights trading. This paper, aiming at solving the problem of generation rights trading of clean energy, combined with the environmental advantages of clean energy and the function of optimizing the resource allocation of generation rights trading, proposed a scheme of improving the transaction benefits of clean energy by introducing carbon trading benefit into generation rights trading, and established the maximum social utility model considering carbon trading benefit.
Benefit Analysis of Clean Energy Generation Rights Trading
Generally, the nature of profits from generation rights trading is the difference in the cost of power generation between the two sides of the transaction. However, the value of power generation right transaction is not only reflected in the cost difference profit of the transaction, but also in other benefits caused by energy saving and emission reduction, such as the CO 2 emission reduction benefit [7] . Therefore, the carbon emission reductions generated by generation rights trading can also be sold through the carbon trading market to obtain new profits, thereby increasing the total profits of the generation rights trading.
Increasing the power regulation capacity can increase clean energy consumption [1] . In electricity market, clean energy power plants can purchase power grid peaking, frequency modulation, and auxiliary services to increase its power consumption, which inevitably increases its economic costs. Therefore, when clean energy participates in generation rights trading, it is necessary to take into account the benefits of carbon trading on the basis of the profits from the difference in power generation cost, so that the benefits of the clean energy generation rights trading can be calculated in an all-round way.
Clean Energy Generation Rights Trading Model
In order to calculate the benefits of carbon trading in generation rights trading accurately, it is necessary to calculate the carbon reduction accurately after the transaction, and further obtain the benefits of carbon trading. The formula is as follows:
(1) In (1), C is the amount of CO 2 emissions per unit of electricity; E is the amount of power generation; c P is the carbon trading price.
A Maximum Social Utility Model Considering Carbon Trading Benefit
(1) Objective function The goal of the trading is to maximize the economic benefits generated by the transactions between the two parties. The social utility is consistent with the dimension of the carbon trading benefit, then the carbon trading benefit can be included on the basis of the typical maximum social utility model. Therefore, objective function is:
In (2), during the trading period t s, , i t P is the quotation price of the transferor i and , ,
In (3),
is the total electric quantity sold by the transferor during the trading period t ;
is the total electric quantity purchased by the transferee during the trading period t .
2. Power generation constraints:
In (4),
is the maximum generating capacity of the transferee j during trading period t ; , represent the planned power generation of the transferor i and the transferee j during the trading period t , respectively, if they have not participated in generation rights trading.
3. DC current constraints:
In (5), θ is the voltage phase angle column vector of the node; B is the imaginary part of the node admittance matrix, and P is the active power column vector injected into the node.
The objective function (2) and constraints of (3) ~ (5) constitute the maximum social utility model considering carbon trading benefit. If there is a possibility of a transmission congestion, then the model needs to add a transmission congestion constraint.
Clean Energy Generation Rights Trading Model and Quotation Price Improvement
In the process of clean energy generation, no greenhouse gas is generated, so the amount of CO 2 emissions per unit of electricity is zero, that is 0
. Therefore, the above objective function is improved and simplified, which can be obtained:
The clean energy generation rights trading model is constituted by objective function (6) and constraint conditions of (3)~(5). In order to use the "high and low matching" principle to match transactions, the transaction costs and carbon trading benefit are converted to the quotation price of the transferor, and the following formula is obtained:
(7) After that, the transferor's new quotations are sorted according to the order from high to low, the transferee's quotations are sorted from low to high. Then, in accordance with the principle of "high and low matching", the two parties conduct transactions. Finally, the improved matching order is obtained.
Analysis of Examples
A certain province has a large surplus of abandoned water in the flood season. The trading center organizes hydropower plants and coal-fired power plants to participate in day-to-day generation rights trading. According to recent data, the CO 2 emissions per unit of electricity of the thermal power unit is set at 0.82 ton/MWh, and the unit CO 2 quota price in the carbon trading market is 22Yuan/ton. The trading costs among the power plants are shown in Table 1 , and the generation rights trading quotations are shown in Table 2 . The cases in Table 2 were calculated and analyzed using the clean energy generation rights trading model. The trading results are shown in Table 3 . According to the results of the transaction in Table 3 , the trading electric quantity of clean energy generation rights trading is 700 MWh, the total social utility is 33,700 yuan. Using (1), the carbon trading benefit is calculated to be about 12,628 yuan, and the carbon trading benefit is about 37.5% of the total benefit. It can be seen that the benefits of carbon trading in the model proposed are considerable. Therefore, this part of the benefits cannot be ignored in clean energy generation rights trading.
If clean energy generation rights trading is implemented in clean energy-rich areas, the clean energy economic benefits and emission reduction advantages can be fully realized. Taking a province as an example, assume that half of the thermal power generation capacity meets the verification conditions for the transaction and that the system still has enough capacity for peak shaving and frequency modulation after the clean energy is integrated into the system. It is estimated that more than 3.299 billion kWh of abandoned water power can be used to reduce the consumption of 1.029 million tons of standard coal, which will reduce CO 2 emissions by 2.705 million tons and increase the carbon trading benefit by 59.514 million yuan.
Conclusion
The generation rights trading model considering carbon trading benefit can accurately and comprehensively calculate the economic benefits of the trading. If the carbon trading benefit is small, it can be neglected. However, when the carbon trading benefit is considerable, it shoule be emphasized. In particular, when clean energy participates in generation rights trading, the clean energy generation rights trading model can fully calculate the benefits of its transactions, which can not only fully increase the benefits of clean energy, but also show its advantages of reducing emission, and finally achieve win-win results of economic benefits and environmental protection.
